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Seasonal  Description  of  Winds  and  Surface  and 

Bottom  Salinities  and  Temperatures  in  the  Northern 

Gulf  of  Mexico,  October  1972  to  January  1976^ 

PERRY  A.  THOMPSON,  JR.-  and  THOMAS  D.  LEMING' 
ABSTRACT 

Seasonal  surface  and  bottom  salinities  and  temperatures  in  the  northern  Gulf  of  Mexico  are  de- 
scribed. The  area  surveyed,  from  October  1972  to  January  1976,  was  between  Mobile  Bay,  Ala.  (long. 
88°00  W),  and  Atchafalaya  Bay,  La.  (long.  9r"30W),  from  5  to  50  fathoms  (9  to  91  m). 


INTRODUCTION 

Published  hydrographic  data  from  the  Gulf  of  Mexico 
generally  deal  with  the  central  gulf  rather  than  the  con- 
tinental shelf.  Rivas  (1968),  Drennan  (1968),  and  Wise- 
man et  al.  (1976)  studied  surface  temperature  in  the  cen- 
tral gulf,  subsurface  circulation  over  the  shelf,  and 
effects  of  the  Mississippi  River  discharge  on  temperature 
and  salinity  of  the  inner  shelf  west  of  the  Mississippi 
River.  Many  studies  have  been  completed  on  tem- 
perature and  salinity  observations  and  seasonal  trends 
on  the  shelf  of  the  northern  Gulf  of  Mexico.  The  most  re- 
cent study  for  the  northwestern  Gulf  of  Mexico  is  that 
of  Temple  et  al.  (1977)  and  for  the  northeastern  that  of 
Christmas  et  al.' 

Because  the  northern  shelf  of  the  Gulf  of  Mexico  is  the 
richest  fish  producing  area  in  the  gulf,  considerable  ef- 
fort should  be  directed  toward  understanding  the  hy- 
drography and  its  effects  on  the  environment  of  marine 
life.  In  1972  the  National  Marine  Fisheries  Service 
started  a  program  to  evaluate  the  industrial  and  food- 
fish  demersal  fishery  in  the  northern  Gulf  of  Mexico  and 
to  provide  associated  environmental  information  for  the 
area.  Environmental  variables  recorded  during  ground- 
fish  cruises  were  temperature,  salinity,  and  bottom  type. 
These  variables  can  be  correlated  with  densities  of  fin- 
fish  later  to  determine  their  influence  on  abundance  and 
distribution  of  the  finfish  stocks. 

In  this  paper  we  give  a  brief  description  of  surface  and 
bottom  temperatures  and  salinities  and  establish  their 
general  seasonal  variability  in  the  northern  gulf.  Tem- 
perature appears  to  be  an  important  factor  in  the  move- 


'Contribution  No.  77-24P  from  the  -Southeast  Fisheries  Center  Pasca- 
goula  Laboratory,  National  Marine  Fisheries  Service,  NOAA. 
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of  coastal  pelagic  fishes  completion  report.  Gulf  Coast  Research  Labora- 
tory. Ocean  Springs,  Miss.,  90  p. 


ment  of  juvenile  groundfish  from  the  estuaries  (Franks  et 
al.  1972).  Determination  of  seasonality  would  be 
beneficial  in  understanding  this  aspect  of  the  life  history 
of  groundfish  in  the  northern  Gulf  of  Mexico. 

SURVEY  AREA 

Initially  the  primary  fishing  grounds  encompassed  the 
area  from  5  to  50  fathoms  (9  to  91  m)  between  Perdido 
Bay,  Fla.  (long.  87°30'W),  and  .Ship  Shoal,  La.  (long. 
91°30'W)  (Roithmayr  1965).  This  area  was  later  reduced 
to  between  Mobile  Bay,  Ala.  (long.  88°00'W),  and  Ship 
Shoal,  La.  (long.  91°30'W),  because  of  the  low  density  of 
groundfish  east  of  Mobile  Bay  (Gutherz  et  al.  1975).  The 
primary  area  was  divided  into  three  survey  segments 
(Fig.  1):  1)  east  of  the  Delta,  SAl  (long.  88°00'  to 
89°00'W);  2)  off  the  Delta,  SA2  (long.  89°00'  to  90°00'W); 
and  3)  west  of  the  Delta,  SA3  (long.  90°00'  to  91°.30'W). 

METHODS  AND  PROCEDURES 

For  each  cruise,  35  to  45  hydrographic  stations  were 
selected  both  east  and  west  of  the  mouth  of  the 
Mississippi  River.  These  stations  were  preselected  from 
fishing  stations  along  transect  lines  at  20'  longitude  in- 
tervals. If  no  fishing  stations  were  located  along  a  tran- 
sect line,  then  the  closest  fishing  stations  to  the  transect 
were  selected.  Hydrographic  stations  were  separated  by 
10  to  15  km  along  the  transect  line.  Because  of  the  ran- 
dom selection  of  fishing  stations,  the  probability  of 
repeating  the  same  hydrographic  station  for  each  cruise 
was  low.  Stations  were  located  by  loran-A  or  radar. 

Equipment  used  to  acquire  data  on  the  various  cruises 
is  listed  in  Table  1.  All  equipment  was  calibrated  at  the 
beginning  of  each  cruise.  Temperatures  were  measured 
with  an  expendable  bathythermograph  (XBT)  and 
recorded  to  the  nearest  0.1°C  on  cruises  40  to  52.  Salinity 
data  were  not  taken  during  cruises  40  to  48.  On  cruise  52 
surface  and  bottom  salinities  were  recorded  to  the 
nearest  part  per  thousand  (ppt)  using  a  Goldbert  T/C 
refractometer.  On  cruises  55  to  64,  salinity  and  tem- 
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Table  1. — Data  and  hydrographic  equipment  used  on  the  FRS  Oregon  II  groundfish  cruises. 


Cruise 
no. 


Hydrographic  equipment 


Salinity 


Temperature 


Date       XBT   STD     Niskin  bottles    Refractometer    Surface    Bottom    Surface    Bottom 


40 

Oct.  1972 

X 

42 

Nov.  1972 

X 

44 

Apr.  197.3 

X 

48 

Nov.  1973 

X 

51 

June  1974 

X 

52 

Aug.  1974 

X 

55 

Nov.  1974 

X 

57 

Mar.  1975 

X 

60 

.July  1975 

X 

62 

Nov.  1975 

X 

64 

Jan. 1976 

X 

X 
X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


perature  were  recorded  using  a  Plessey  Environmental 
System  Model  No.  9060  Graphic,  self-recorded,  STD 
unit.  The  degree  of  variation  between  the  STD  and  the 
refractometer  was  0.5  ppt.  Because  the  XBT  failed  on 
cruise  44  and  the  STD  on  cruise  55,  the  environmental 
data  are  incomplete  east  of  the  Delta.  Weather  data  were 
taken  from  the  FRS  Oregon  11  weather  log  for  cruises  48 
to  64.  The  September  and  October  wind  roses  for  SA2 
and  SA3  are  incomplete  because  of  inadequate  weather 
data  for  that  time. 

Figures  2  to  43  show  mean  bimonthly  differences 
between  surface  and  bottom  temperature  and  salinity, 
mean  bimonthly  air  temperature,  and  surface  and  bot- 
tom isotherms  and  isohalines  for  each  cruise.  Isotherm 
contours  were  not  drawn  for  cruise  40  (Fig.  9)  because  of 
the  narrow  range  between  data  points.  Isotherms  and 
isohaline  contours  were  not  drawn  around  the  mouth  of 
the  Mississippi  River  (Figs.  9  to  37,  39,  42)  because  of  the 
wide  range  in  values  due  to  the  influence  of  the 
Mississippi  River. 


DISCUSSION 

Meteorological  conditions  and  the  discharge  from  the 
Mississippi  River  within  this  survey  area  have  a  sig- 
nificant effect  on  seasonal  variations  (Drennan  1968). 
Within  the  primary  area,  salinity  and  temperature  data 
have  been  separated  by  depth  and  survey  area  to  detect 
seasonal  changes.  Calculated  bimonthly  mean  surface 
and  bottom  temperatures  are  shown  in  Table  2.  Mean 
differences  between  surface  and  bottom  temperatures 
have  been  computed  bimonthly  to  demonstrate  an  an- 
nual seasonal  cycle  for  each  survey  area  (Figs.  2-4).  Data 
indicated  that  both  a  summer  and  winter  season  are  well 
defined  within  the  primary  area.  The  change  in  seasons 
is  recognized  when  surface  and  bottom  temperatures  are 
similar.  The  summer  season  begins  in  March  and  April 
at  all  depths.  This  change  is  correlated  with  changing 
meteorological  conditions  as  the  wind  shifts  from  a 
northerly  to  a  southerly  direction  (Figs.  2-4).  This  shift  in 
direction  is  accompanied  by  a  decrease  in  intensity  of 
wind  speed  and  an  increase  in  air  temperature  (Fig.  5). 
Water  and  air  temperatures  reach  a  peak  in  July  and 
August  accompanied  by  frequent  calm  winds  (Figs.  2-4). 
Little  wind-mixing  during  the  period,  coupled  with  solar 


Table  2. — Mean  bimonthly  surface  and  bottom  temperatures  CO 
for  each  survey  area.  The  top  figure  represents  surface  temperature 
and  the  bottom  figure  represents  the  bottom  temperature. 


Survey 

Jan.- 

Mar.- 

Mav- 

Julv- 

Sept.. 

Nov.- 

area 

Feb. 

Apr. 

June 

Aug. 

Oct. 

Dec. 

5  to  9  fathoms 

13.5 

17.7 

25.7 

28.9 

28.7 

21.9 

SAl 

14.6 

18.1 

22.7 

25.2 

28.3 

22.8 

12.7 

17.8 

29.2 

29.5 

26.7 

22.8 

SA2 

16.5 

19.1 

23.7 

26.4 

27.8 

21.6 

12.9 

19.6 

27.0 

29.6 

27.7 

20.7 

SA3 

16.4 

19.6 

26.1 

27.1 

27.6 

21.5 

10  to  19  fathoms 

15.3 

18.1 

25.6 

27.9 

28.7 

25.2 

SAl 

17.4 

19.2 

21.7 

23.9 

26.2 

22.9 

12.4 

18.9 

28.0 

29.8 

22.3 

22.2 

SA2 

19.9 

20.6 

22.6 

24.4 

26.3 

24.2 

14.3 

19.9 

25.7 

29.4 

28.0 

22.2 

SA3 

18.4 

20.2 

23.8 

24.8 

27.8 

23.2 

20  to  50  fathoms 

18.6 

18.6 

27.1 

28.7 

28.6 

23.6 

SAl 

19.5 

20.4 

21.7 

21.2 

22.1 

23.7 

11.9 

18.1 

26.5 

29.6 

26.4 

21.3 

.SA2 

19.6 

19.8 

19.7 

19.3 

21.1 

24.1 

17.9 

20.4 

26.9 

29.7 

28.0 

22.1 

SA.1 

19.2 

20.3 

20.3 

20.3 

22.6 

22.9 

heating,  results  in  a  large  difference  between  surface  and 
bottom  temperatures.  The  summer  season  begins  to  dis- 
appear in  September  and  October  with  a  drop  in  air  tem- 
perature and  a  wind  shift.  By  November  and  December 
the  winter  season  has  begun  with  southeasterly  winds 
shifting  to  a  more  northerly  direction  (Figs.  2-4).  This 
change  in  wind  direction  and  intensity  produces 
northers,  causing  the  mean  air  temperature  to  drop  ap- 
proximately 9°C  from  the  July  and  August  high  (Leip- 
per  1954).  The  wind  generally  remains  out  of  the  north  to 
northwest  in  January  and  February  bringing  colder  tem- 
peratures within  the  survey  area.  This  is  the  coldest 
period  of  the  year.  By  March  and  April  the  winter  season 
ends  with  a  general  warming  of  air  temperature  and  a 
wind  shift  to  the  southeast,  thus  completing  the  annual 
cycle. 


The  importance  of  the  Loop  Current  and  its  role  in  the 
circulation  pattern  on  the  shelf  has  been  described  by 
Drennan  (1968).  Bottom  salinities  at  all  depths  in  the 
three  survey  areas  are  similar  and  relatively  constant 
because  of  the  influence  of  the  Loop  Current  (Drennan 
1968)  (Figs.  6-8).  Surface  salinities  vary  within  each  sur- 
vey area,  indicating  seasonal  changes  that  can  be  at- 
tributed to  the  discharge  from  the  Mississippi  River  and 
calm  weather  during  the  summer  months  (Drennan 
1968).  The  Mississippi  River  flood  period  peaks  in  April 
and  May  with  a  17-yr  average  of  3,668  m  Vs.*  These  flood 
periods  are  reflected  in  lower  surface  salinities  for  SA2 
(Fig.  7)  and  to  some  extent  in  SAl  and  SA3  for  May  and 
June  (Figs.  6,  8). 
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BIMONTHLY    WIND    VECTORS 


Figure  2. — Bimonthly  mean  difference  between  surface  and  bottom  water  temperatures  and  associated  wind  roses  east  of  the  Mississippi  River 
Delta  (SAD.  Wind  roses:  .•Vrrows  fly  with  the  wind  based  on  eight  points  of  the  compass.  Each  wind  rose  indicates  the  average  wind  speed  at  the 
end  of  the  arrow,  percent  frequency  at  center  of  arrow,  and  percentage  of  calm  or  light  winds  are  encircled. 
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Figure  3. — Bimonthly  mean  difference  between  surface  and  bottom  water  temperatures  and  associated  wind  roses  off  the  Mississippi  River 
Delta  (SA2).  Wind  roses:  Arrows  fly  with  the  wind  based  on  eight  points  of  the  compass.  Each  wind  rose  indicates  the  average  wind  speed  at  the 
end  of  the  arrow,  percent  frequency  at  center  of  arrow,  and  percentage  of  calm  or  light  winds  are  encircled. 
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Figure  4.— Bimonthly  mean  difference  between  surface  and  bottom  wat  er  temperatures  and  associated  wind  roses  west  of  the  Mississippi  River 
Delta  (SA3).  Wind  roses:  Arrows  fly  with  the  wind  based  on  eight  points  of  the  compass.  Each  wind  rose  indicates  the  average  wind  speed  at  the 
end  of  the  arrow,  percent  frequency  at  center  of  arrow,  and  percentage  of  calm  or  light  winds  are  encircled. 
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Figure  5. — Bimonthly  mean  air  temperature  for  each  survey  area  (SAl,  2  and  3). 
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Figure  6. — Bimonthly  mean  surface  and  bottom  salinity  east  of  the  Mississippi  River 
Delta  (SAl).  Solid  line  is  surface  salinity;  dash  line  is  bottom  salinity. 
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Figure  7. — Bimonthly  mean  surface  and  bottom  salinity  off  the  Mississippi  River  Delta 
(SA2).  Solid  line  is  surface  salinity;  dash  line  is  bottom  salinity. 
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Figure  8.— Bimonthly  mean  surface  and  bottom  salinity  west  of  the  Mississippi  River 
Delta  (SA3).  Solid  line  is  surface  salinity;  dash  line  is  bottom  salinity. 
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Superintendent  of  Documents.  U.S.  Government  Printing  Office, 
Washington.  DC.  20402. 

690.  Migratory  routes  of  adult  sockeye  salmon.  Oncorhynchus  nerka,  in 
the  eastern  Bering  Sea  and  Bristol  Bay.  By  Richard  R.  Straty.  April 
1975,  iv  +  .32  p..  22  figs..  3  tables.  3  app.  tables.  For  sale  by  the 
Superintendent  of  Documents.  U.S.  Government  Printing  Office, 
Washington.  DC.  20402. 

691.  Seasonal  distributions  of  larval  flatfishes  (Pleuronectiformes)  on 
the  continental  shelf  between  Cape  Cod.  Massachusetts,  and  Cape 
Lookout.  North  Carolina.  1965-66.  By  W.  G.  Smith.  J.  D.  Sibunka,  and 
A.  Wells.     June  1975,  iv  -I-  68  p.,  72  figs.,  16  tables. 

692.  Expendable  bathythermograph  observations  from  the 
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Documents,  U.S.  Government  Printing  Office,  Washington.  D.C.  20402. 
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Daily  and  weekly  upwelling  indices,  west  coast  of  North  America, 
73.     By  Andrew  Bakun.     August  1975,  iii  +  114  p.,  3  figs.,  6  tables. 


694.  Semiclosed  seawater  system  with  automatic  salinity,  temperature 
and  turbidity  control.  By  Sid  Korn.  September  1975,  iii  +  5  p.,  7  figs.. 
1  table. 

695.  Distribution,  relative  abundance,  and  movement  of  skipjack  tuna. 
Katsuwonus  pelamis,  in  the  Pacific  Ocean  based  on  Japanese  tuna  long- 
line  catches.  1964-67.  By  Walter  M.  Matsumoto.  October  1975.  iii  + 
30  p.,  15  figs..  4  tables. 

696.  Large-scale  air-sea  interactions  at  ocean  weather  station  V.  1951- 
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697.  Fish  and  hydrographic  collections  made  by  the  research  vessels 
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S.  J.  Wilk  and  M.  J.  Silverman.  January  1976.  iii  -H  159  p..  1  table.  2 
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699.  Seasonal  surface  currents  off  the  coasts  of  Vancouver  Island  and 
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NOAA  SCIENTIFIC  AND  TECHNICAL  PUBLICATIONS 

NOAA,  the  National  Oceanic  and  Atmospheric  Administration,  was  established  as  part  of  the  Department  of 
Commerce  on  October  3.  1970  The  mission  responsibilities  of  NOAA  are  to  monitor  and  predict  the  state  of  the 
solid  Earth,  the  oceans  and  their  living  resources,  the  atmosphere,  and  the  space  environment  of  the  Earth,  and  to 
assess  the  socioeconomic  impact  of  natural  and  technological  changes  in  the  environment. 

The  six  Major  Line  Components  of  NOAA  regularly  produce  various  types  of  scientific  and  technical  infor- 
mation in  the  following  kinds  of  publications: 


PROFESSIONAL  PAPERS— Important  definitive 
research  results,  major  techniques,  and  special  in- 
vestigations. 

TECHNICAL  REPORTS— Journal  quality  with 
extensive  details,  mathematical  developments,  or 
data  listings. 

TECHNICAL  MEMORANDUMS— Reports  of 
preliminary,  partial,  or  negative  research  or  tech- 
nology results,  interim  instructions,  and  the  like. 

CONTRACT  AND  GRANT  REPORTS— Reports 
prepared  by  contractors  or  grantees  under  NOAA 
sponsorship. 


TECHNICAL      SERVICE      PUBLICATIONS— 

These  are  publications  containing  data,  observations, 
instructions,  etc.  A  partial  listing;  Data  serials:  Pre- 
diction and  outlook  periodicals:  Technical  manuals, 
training  papers,  planning  reports,  and  information 
serials:  and  Miscellaneous  technical  publications. 


ATLAS — Analysed  data  generally  presented  in  the 
form  of  maps  showing  distribution  of  rainfall, 
chemical  and  physical  conditions  of  oceans  and  at- 
mosphere, distribution  of  fishes  and  marine  mam- 
mals, ionospheric  conditions,  etc. 


IntormaUon  on  availability  of  NOAA  publlcaUona  can  ba  obtalnad  Imm: 

ENVIRONMENTAL  SCIENCE  INFORMATION  CENTER 

ENVIRONMENTAL  DATA  SERVICE 

NATIONAL  OCEANIC  AND  ATMOSPHERIC  ADMINISTRATION 

U.S.  DEPARTMENT  OF  COMMERCE 

3300  Whlt*lMv«ii  StrMt,  N.W. 
Washington,  D.C.  20235 


